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The white-throated sparrow is a promising model for behavioural neuroendocrinology and genetics because behaviour and endocrine function may be linked to a chromosomal rearrangement that determines plumage colour. The notion that the two colour morphs, tan-striped (TS) and white-striped (WS), differ predictably in aggression and parenting has been widely accepted, despite conflicting evidence. It is also hypothesized that morph-typic behaviour is hormone-mediated, yet no field study has measured sex steroids and behaviour in the same birds. Here, we re-evaluate the TS and WS phenotypes, describe the conditions under which they differ and investigate relationships between sex steroids and behaviour. We report that (1) during territorial intrusions, WS males were more aggressive than TS birds, but this difference was restricted to singing; WS males sang more than TS males but showed identical levels of physical aggression. WS females sang more than TS females and were also more physically aggressive. (2) TS males provisioned young more frequently than did WS males, but only during first broods. The parental strategy of WS males was flexible, and during replacement broods, WS and TS males provisioned at equal rates. (3) Consistent with previous studies, we detected no morph difference in female provisioning. (4) Plasma testosterone and dihydrotestosterone were higher in WS males than in TS males during periods of peak territorial defence and during first broods; within breeding stages, male androgen levels were positively correlated with singing and negatively correlated with provisioning. Plasma oestradiol levels were higher in WS females than in TS females and higher during peak territorial defence; oestradiol levels tended to be positively correlated with singing. Overall, our results refine the TS and WS phenotypes, show that behavioural differences between them are restricted to periods with relatively high mating opportunity, and demonstrate an association between sex steroids and morphtypic behaviour. These results will inform future studies of this promising model. Ó 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Polymorphic species in which discrete genetic variants show alternative behavioural phenotypes can provide valuable insights into the proximate and ultimate causes of behaviour. The whitethroated sparrow is such a species, and it is rising as a promising model for studying the neuroendocrine and genetic bases of social and reproductive behaviours. Its unique natural history first became apparent when Lowther (1961 Lowther ( , 1962 described plumage polymorphism, disassortative mating and behavioural polymorphism in this species. He reported that two colour morphs, tan-striped (TS) and white-striped (WS), occur in both sexes, that birds paired with the opposite morph and that WS birds were more territorial than TS birds. Thorneycroft (1966 Thorneycroft ( , 1975 later revealed that plumage polymorphism is genetically based and discrete; colour morph segregates with a rearrangement of the second chromosome and is independent of age, sex and season. All WS birds have at least one copy of the rearranged chromosome (ZAL2 m ), whereas TS birds are homozygous for the wild-type arrangement (ZAL2).
Behavioural studies over the next two decades demonstrated that TS and WS birds often differ in territorial aggression, parenting behaviour and mating strategy (Collins & Houtman, 1999; Formica & Tuttle, 2009; Knapton & Falls, 1983; Kopachena & Falls, 1993a , 1993b Tuttle, 1993 Tuttle, , 2003 , which led to a consensus in the current literature that morphs show alternative reproductive strategies (Formica, Gonser, Ramsay, & Tuttle, 2004; Formica & Tuttle, 2009; Maney, 2008; Tuttle, 2003) . Multiple authors have since described a number of endocrine differences between the morphs (Horton & Holberton, 2009 , 2010 Lake, Lange, O'Brien, Sanford, & Maney, 2008; Maney, 2008; Spinney, Bentley, & Hau, 2006; Swett & Breuner, 2008 , 2009 , suggesting that morph-typic strategies may be hormone-mediated. Most recently, genetic studies have revealed
